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ABSTRACT 

Evenlnu prlnrose oil (EPOI is a nstural source 
of gsmms-Linolenic acid IGIA), an agent of 
potcntisl therapeutic value in the treatment of 
several disesres. Previous studies hsve 
reported the application of supercritical fluid 
extraction (SF-E) for thr removal of this valu- 
able oil from the seed mmcrix, however limited 
inforestion exists as to the optimal conditions 
requited for the SFE. 

In this Q=Q=r the extraction of EPO with 
sup8rcrl t icsl cot I SC-CO2 ) US8 studied over 
the pressure and ceeWrsture range of 20-10 MPa 
and 40-6O'C, respectively. The snslpsis of rho 
collected dsta permrtted the calculstion of the 
EPO rolubilities in the SC-CO2 , which rsnqed 
from 0.21 0 oil/IO0 g COr at 20 MPs and 60-C. 
to a.78 g oil/100 g CO2 se 70 !9Pa and 60-C. 

Further chsracterirrtion of the extraction 
kinstics included a study of the SFE efficiency 
as a function of the fluid flou rate. Varying 
the cot flOU rate over the rmae S-27 g/min, 
did not csume l pprecisbie differences LII the 
EPU solubilities and recoveries. 

In huun metsboLiso qrPu-Linoienio acid (la:3 
n-6) is an importsnt intermedisto rtabolite 
for the synthrsis of precursors to prostsaoids 
(1). However, several factors. including 
stress. aJeing, diabetes, or consumvtion of 
alcohoi csn reduce or inhibit the production of 
cu. lesdinq co a variety of ailments. Consr- 
quently, the posaibility of remtotinq adequate 
levels 0C CW through dietsrl suppieaentstion 
haa raised interest in oils rich in GU. such 
aS the oil contslned in the seed of the eveninq 
Primrose f CYcnoChbra biennir L.) (2-5). 

The evenins primrose oil (EPO) contains a 
significant amount of CLA f&12% by welqht) 
161. end commands a hiqh retail nrrket price, 
aPProximately USS 480.00 per kg of oil. EPO is 
conventionally obtained by either mechsnxcai 
expression of the seeds or solvent extraction 
by hexane. However, in order to avoid any unde- 
Jlrablc physicochenical chsnqes of GLA these 
Procedures must be conducted under moderate con- 
ditlons. e.g. mild temperatures. 

The use of supercrttical carbon dioxide 
1 SC-CO2 ) for the extraction of lipid moieties 
is well documented in tha literature 17-13). 
and the lOU critical temperature of co2 

lJ1'Cl allows the extrsction of heat-labrle com- 
pounds at relatively low temperatures, there- 
fore reduc lnq the possibility of delradatlon. 
Consequently, supercri tical fluid extrsctlon 
ISFEI vlth co2 as the solvent could represent 
a viable alternative technoioqy for Che removal 
Of the ozi from the cvenlng primrose seeds. .4n 
add1 t Lanai benefit of usrnq SC-CO2 1s rhc 
eSSS sepsratlon of the solvent from the 
extract, thereby Leavlnq no orqanlc solvent res- 
Ldues Ln the EPO. 

The ObJectlve of this study vaa to acquire 
data on EW solubLlrt!f m SC-CO2, the race of 
the extraction. and the influence of the pro- 
CWSS parameters on the naas transfer rate. Sucn 
data are required for the outimiration and 
deaann of an efficient SC-CO2 extrsctlon pro- 
cess. 

The evening prrnrose seeds, harvested In Enu- 
land in 1988. were kindly provided bv Efamoi 
Ltd (Curlford. England). Their oil content 'ias 
fS.IX by weight fb.w.1 on a dry basis. CLA con- 
tent was detemined b? GLC and represented 10% 
b-v. of the total fatty acids. 

The experiments were Performed with the 
appsrntus shown In Figure 1 and described in 
detail e 1 sewhere 1141. The extraction vessel 
consrrted of a 316 SS tub*. pressure rated to 
76 YPa at room teaprrrture. with dimensrons of 
1.75 cm i.d. x 30 ea. The tests vere conducted 
on samples of approximsteip 50 4. and the seeds 
YC re ground to pass a 0.355 mm sieve mmedl- 
ate17 before being laded into the estrsction 
vessel. Hoisture and oil content of the seeds 
were determined accordin; to standard ARCS mwh- 
ode (15). 

Fiq. 1 - Swercritrcal fluid extractron svs- 
tern. Dashed lines indicate thermostated re- 
qion. (A= Co1 cylinder; TP- tank pressure 
gauge: CVn check vslve: F= particulate Fil- 
ter: k!F= -8s flow motet-: Ca air-driven rtas 
booster compressor; RV= relief vslve: SV-I. 
2. 3, 4s valves; PC-1.20 pressure *suqes: 
HC-1,2= therms1 equilibrstinq coils: K-1.2. 
3= therrocoup~es: blV= microam+erinq valve: 
FM= flow meter: GT= gas totalizer). 

The estrsctions were csrried out at 20. 
30. 50 and 70 MPa. over the temperature range 
of 40-60-C. A atsndsrd mount of Cot (2.5 knl 
was used in l nch experrmcnt. and the extracted 
material van ccillectsd at discrete intervals. 
after 125, 250, 375, 500. 750. 1,000. 1.500 and 
2.500 4 of co2 passed throuqh the seed bed. 
Different cot mass flow rates IS. 18 and 27 
g/nin) were utilized in this study. The COz 



m*sm flow rate Y10 aaaeaeed by using a S~IIS 
flow l eter I Model D6. f4iCrO notion CO. Boulder, 
Co) placed before the corpresaor, aa veil ZIS by 
converting to grams the volume of co2 
recorded by a 388 totalizer (Singer Model 
DTH-115 Americrn Meter Division, Philadelphza. 
PA) connected to the receiver. 

A sari1 quantity of vrter wee co-extracted 
with the oil, therefore the extracts ve re 
diluted in anhJrdroua dicthyl ether and dried 
over anhydrous sodium sulfrta. The extrutxon 
yields were then determined Sravrmetricrlly 
erter re¶ov:q the soiveixt at room temperrturt 
and reduced pressure. 

In the SFE of oil berrinq materials the mmas 
tranaf er kinetic of the Qroceas is strongly 
dependent on the prrticle size of the extracted 
substrate. Studies conducted on soybean aeedtr 
and rapeseeds have shown thrt the efficiency of 
the cxtractrona could be improved vhen the 
aeeda verb flrked or ground llO,lS-19). Due to 
the very tiny dimension of the evenina primrose 
seeds, about 1 mm in length. it YIS not poaai- 
ble to flrke the reeds. Therefore in order to 
increase the surf ace *rem of the aaterial in 
contact with the stream of CO2 the seeds were, 
finely eoninuted in a grinder. 

0 10 Pg so 40 so 80 * I 

Fi;. 2 - Evening pr lsro*e Oil l xtrution 
yields at 40-C and different preaaurea aa a 
function of the specific amae of COz parsed 
through the extrution vessel. 

The extractions -*Fe initially conducted 
with a co2 mass flow rate of 18 g/min. mnd 
the collected experirntri drtr permitted the 
calculation of the &PO aolubility in SC-COa 
over the rmge of pressure aad temperature 
tested. Typical extract ion curves are ahown in 
Figure 2, where the extraction yields for the 
teatll conducted at 40-C were plotted versus the 
specific solvent mea=. The initial 1 inerr 
portion of the curves indicated a constant rate 
of extraction over an extended perrod of tin. 
This indicated that the extraction was governed 
by the equilibrium rolubilitp of the oil in the 
extract ion fluid. Similar plotr vere &lSO 
obtained for the teats conducted at 50 and 
60-C. and the rlope of the linear portion of 
the CUrvC~ V&S assured to represent the EPO 
solubilitp in SC-CO2 at the given experimen- 

tal conditions (201. 
The calculated EPO solubility values are 

plotted in Figure 3 as a function of the extrac- 
cion conditiona. It can be observed that above 
the prsaaure of 30 hPa. l rncreue in the 
extraction temperature had a poaltivc effect on 
the oil solubilrty. whereas under 30 .YPa the 
e f f cc t was reversed. This Inversion ln the soiu- 
bility behavior of lApid moletiler rn SC-CO2 
has been 480 reported for the SFE of oil from 
soybema, crnol8 and jojoba seeds (8, 16, 21, 
22 ) * The above trend can be explained by takrng 
Lnto l CCOUnt the effect of the extraction tern- 
perature on both the solvent and the rolurc: 
i.e., the vrpor pressure of the oil is 
increased. while the density of the co1 19 
reduced. However, below a specific pressure a 
decrease in solute soiubility is observed due 
to the deererae In the COt density. 

a 

Fig. 3 - Lvening primrose oil solubility ln 
SC-ma as a funetioa of the extrution 
pressure at different tamperaturea. 

With the objective of isolating the effect 
of the extraction temperrture on the vapor pres- 
sure of the solute (oil 1 from that on the den- 
sity of the solvent (SC-Co1 1, sow of the crl- 
culrted &PO l olubility vrluea were plotted as a 
function of the axtract ion temperature and 
SC-Co2 density. In Figure 4 the lines connect 
pointa representing the EW l olubilitp in 
SC-co2 ma determined in the described experi- 
ments conducted at different extraction condi- 
tions (pressure and temperature), but at simi- 
lrr solvent densities. The data show that at 
conatmnt COa density, raising the extraction 
terrperature always cruaed an increase of the 
Amount of oil dissolved in the rupercrit ical 
fluid. However, increasing the temperature from 
40 to 60-C. resulted in the greeteat enhmce- 
nnt in EPO rolubility vhen operatine the 
cxtraetor cat the highest COz density. 

with the mpprratua utilized in this study, 
the co2 ieaving the receiver aa vented, but 
in mn industrial scale proceaa, it vould be 
much aore aParoprrate to recirculate the extrac- 
tion fluid. On the basis of the above solubll- 
ity data. the beat operating conditiona for the 
extraction of' the EPO would be 70 r!Pa and 6O’C. 
and the recovery 0 f the oil could be accom- 
plished in a seprration vessel aalnta~ned at R 
lower pressure. A good separation of the 011 
phase from the aolute-laden stream of cot * 
could be achieved operating at 20 MPa and 60 ‘c. 
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the SPC solubility in 
men 

SC-CO2 i8 twenty 
tl~s les, than at 70 RPa. 

Fiq- 4 - Influrnce of the telperature on 
avosing primrose oil solubility ih SC-CC2 at 
const~t solvenr density. 

Another fundamental Paranter required for 
the qptiniz8tion of the SFE process. is the 
flow rate of the extraction fluid. while it is 
iaportMC to provide a hrgh CQt flow rate to 
ensure rapid depletion of the oil from the pro- 
te~nU~ou~ substrate. the residence tin of the 
fluid in the extractor veaael should be long 
enough LO ensure adequate mass transfer of the 
oil in the strwu of SC-CO2 . The extraction 
yl*ldS obtained in experiments conducted at 
thme different co2 flov rate8 ( 9, 18 and 27 
g/sin) are shown in Figurr 5. 

Fig. 5 - Evening prirrow 011 extraction 
yields obtained at 10 MPa and 60-C usan 
different CO2 aaaa flow rates. 

In this case the 
6o.C and at 

system vaa operated rt 
the 

shows no 
pressure of 70 UPa. The plot 

appreciable dif fcrencea in the EPO 
c*tracflon rates and the calculated oil solubil- 
itits were 
CD2 

4.66, 4.76 and 4.63 g oil/l06 g 
27 

rwsectiveip for flOV 
5/a1n of 

ratea of 9, 18 and 

repeated 
co2 * The experiments were 

the 
maintainrnq the extraction verse1 at 

of 
Pressure of 

40-c. In 
20 RPa and at the temperature 

thrs case , the EPO extraction 

yields did not change significantly when the 
CO2 flow rate was varied over the range 9-27 
g/rin [f.a~~/~~~~~)xlOO= 16.89 f 2.71. 

Fig. 6 - Evening primrose oil extraction 
yields as a function of the extraction time 
for experiments conducted at 20 UPa. 40-C 
and different CO2 mass flow rates. 

These resul tr indicrte that under the 
tasted conditions the EPO removal warn a sole 
function of the sas8 of extraction gas puaed 
through thr sood bed. However, 
flow 

with a higher 
rate a mbch sore ravid extraction of the 

oil could be affected. resulting in a substm- 
tial reduction of the tin required to deplete 
the seed matrix of the oil. The utilization of 
high solvent flou rate is very importmt espy- 
cially when the SFE proeras is conductmd at 
pressure and temperature conditions that rwult 
in a limited rolubilitr of the oil in the super- 
critical solvent. This conclusion is supported 
by the results shorn in Figure 6, were the 
extract ion yielda for the teats conducted at 20 
KPa. 40-C and different cot flow ratea. are 
plotted as a .function of the extraction time. 
The recovery of 65% of the available oil was 
achieved in les8 than 100 sin vhen the Cot 
flow rare was aalntained at 27 g/ah. vhile 
nerriy 300 nin were necessary to obtain a siai- 
lar EPO recoverf vhen the flow of the solvent 
vas set rt 9 g/min. 

In SUPIry, the data collected in this 
study should be useful $in the deaign and optiai- 
zation of a SFE process for the recovery of 
EPO. The highest oil rolubilitr vas obtained 
owrating the system Iat 70 UPS and 6O'C. Chmg- 
ing the SC-CO2 flow rate over the range 9-27 
g/Pin. did not cause appreciable differences in 
the EPO recovery. This suateatr that, in order 
to minimize the extraction time, the flow of 
the supercritical fluid should be set at the 
highest value. 
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